IN the course of establishing a stock of hybrids between CBA (low cancer strain) females and C3H (high cancer strain) males, it was observed that the female offspring of CBA-C3H matings showed a higher incidence of mammary tumours than the CBA pure line: 20 mammary tumours in 61 hybrid mice that survived for more than 250 days when raised in the same cage with the father. The tumours were observed in mice between 259 and 973 days of age. This is in keeping with the observation of other workers using hybrids of low mammary cancer strain females and high mammary cancer strain males.
IN the course of establishing a stock of hybrids between CBA (low cancer strain) females and C3H (high cancer strain) males, it was observed that the female offspring of CBA-C3H matings showed a higher incidence of mammary tumours than the CBA pure line: 20 mammary tumours in 61 hybrid mice that survived for more than 250 days when raised in the same cage with the father. The tumours were observed in mice between 259 and 973 days of age. This is in keeping with the observation of other workers using hybrids of low mammary cancer strain females and high mammary cancer strain males.
In this laboratory, CBA mice have been used in a number of experiments, but no large stock of untreated animals has been kept to check the natural incidence of mammary tumours. However, this cannot be high as amongst 50 control virgin CBA mice which died within the age of 12 to 25 months, no mammary tumours were seen, while in a group of 12 breeding females, 2 died with a mammary tumour, one at 565 days and the other at 777 days. In addition, sporadic mammary tumours have occurred in the breeding colony, that cannot be assessed statistically, because the breeders were often killed after producing several litters. Dmochowski (1953) has recently reported the results of his own extensive experiments, and reviewed the work of others in this field.
It is know-n from the work of Andervont and Dunn (1948) that C3H males harbour the mammary tumour agent in the seminal vesicles, better called the vesicular glands, as they do not normally contain spermatozoa, and it has been suggested by Andervont (1950) and several subsequent investigators that the male of the higher cancer strain is responsible for infecting its female offspring indirectly by infecting the mother.
Several authors consider the possibility of direct infection of the embryo by the father, but dismiss it as against the evidence of all experiments of fosternursing of high cancer strain mice by low cancer strain mothers. Direct infection of newly born offspring by their fathers does not seem to have been seriously considered.
The following experiment was carried out to test this possibility. Group IV consists of offspring of segregated females which were mated to make up a requisite number of mice in a given time. Two sisters were mated to male No. 10. Two sets of unrelated sisters were mated to male No 11. (Table II) Ideally all the segregated females should have been sisters of the female left with the male, but this was not always possible.
The result of the experiment is summarised below:
(mothers kept with male) 11 mammary tumours out of 82 hybrids. CBA.C3H
(mothers segregated from male) 2 ,, ,, ,, ,, 84
The incidence is expressed as the number of mice bearing mammary tumours as numerators over the number of survivors aged 450 days (age of youngest tumour-bearing mouse in this series) as denominators.
All these mammary tumours appearing in the hybrids were confirmed histologically by Dr. P. R. Peacock and were adenomata or adenocarcinomata of the type characteristic of those associated with the presence of the milk factor.
It was also noted at post mortem examination that many of the hybrids had cystic ovaries and enlarged uterine horns, the latter on histological examination showing varying degrees of cystic endometriosis.
Fate of the CBA females mated with C3H males. Nine females were kept constantly with the male during the experiment; one (4A) developed a mammary tumour and was killed at 538 days.
Seventeen females were repeatedly mated and segregated early in pregnancy; one (2B) developed a mammary tumour and was killed at 387 days.
After the requisite number of offspring had been obtained, the mothers were segregated and kept for observation until the end of their lives (Tables I and II) . DISCUSSION. Although the number of animals is small, the incidence of approximately 5 times as many mammary tumours in these hybrids kept with their father as com-pared with those segregated from the same father, suggests some form of direct transmission from father to offspring. However, several factors have to be taken into consideration.
(A) Some of the CBA females may carry the agent and transmit it to their offspring. The presence of the virus has been shown in 2 tumours of the CBA Litters. lst: 478, 480, 482, 484, 484, 486 2nd: 278, 554, 659, 662, 756, 757 colony by injection of extracts of these tumours into young susceptible RIIIb mice (Pullinger, 1953) . In the present experiment CBA female No. 4A, kept constantly with the male and CBA female No. 2B, segregated from the male, developcd a mammary tumour at 538 days and 387 days respectively. These tumours could be attributed to transmission of virus in the mothers' milk, or to infection from the C3H male in each case, or they may be unrelated to the virus. In the case of female No. 4A, neither her mother nor sisters developed mammary tumours, but in the progeny of one of the sisters the 2nd and 3rd litters yielded 1 out of 6 and 1 out of 3 tumour-bearing mice respectively.
Similarly female No. 2B had a mammary tumour and her own offspring had none. Her sister, 2A, kept with the male, was free of tumour but had one tumourbearing female in her 4th litter. No definite conclusion can be drawn from the occurrence of such sporadic tumours.
(B) Andervont and Dunn (1948) have shown that C3H males can carry the mammary tumour virus in their vesicular glands and secretion, and have suggested that the mother may be infected during copulation. Foulds (1949) has shown a similar transfer of virus by RIII males to their Fl hybrids with C57 Black females. Bittner (1952) has studied similar crosses between high and low mammary cancer strains, with and without the agent, and has reached essentially the same conclusion about the role of the male in transmitting the agent. Muhlbock (1950 Muhlbock ( , 1952 has shown that the virus is present in the " sperm " and suggests that the greater incidence of mammary tumours in hybrids of later litters may be due to a progressive infection of the mother in the course of repeated copulations with the male. Against this suggestion, as the only source of infection, there is no indication of a higher rate of incidence of tumours in the later litters in the experiment now reported.
(c) The rate of breeding differs between the segregated and rapidly mated females; there may be therefore different hormonal factors influencing the two groups. If that were so, one might expect to find tumours in mothers subjected more frequently to progressive infection and hormonal stimulation by the male. In fact, one female in the rapidly bred group and one in the segregated group developed a mammary tumour as described above.
All the progeny were kept as virgins to avoid the complication and variable factors of the hormonal stimulation associated with reproduction and lactation.
Though the hormonal factors may be considered comparable throughout, they are not particularly favourable for the development of mammary tumours.
(D) Andervont, Shimkin and Bryan (1942) found no evidence of contagion when mice of low and high cancer strain were kept in the same cage and no evidence of transfer of virus from C3H mothers, which had their nipples closed by searing, to their offspring foster-nursed in the same cage by C57 Black. This seems to exclude transfer of the agent by the mother's excreta and bodily secretions other than the milk.
Muhlbock (1950) specifically tested faeces and urine of virus-carrying mice, for the agent and failed to demonstrate any transference to young susceptible virus free mice.
(E) The male parent whose semen is known to contain mammary tumour virus, might directly in some way infect the susceptible hybrid offspring. For example, oral contamination of the young might occur during or soon after the copulation that takes place within 24 hours of birth. It is generally held that the young are particularly susceptible to infection during the first few hours of lifeF Should this be the source of infection, rather than or in addition to the mother's, milk, it might explain the randum distribution of the tumours in this experiment and would also help to account for the sporadic occurrence of mammary tumours in the female progeny of mating between siblings of hybrids Fl and subsequent generations that have been reported. Varying individual infectivity in the fatherwould account also for the random distribution of tumours in different groups. of offspring.
If the male parent can transmit directly the infective agent to his offspring it is obviously important to know whether hybrid progeny have been born in the presence or absence of their father.
Incidental transmission of the agent from the male parent to the offspring seems to offer the simplest explanation of the results of this experiment. The oral route of infection is the only one known to occur in nature. Further tests are proceeding to elucidate this last possibility.
SUMMARY.
It is suggested that the mammary tumour incidence in hybrid female progeny of CBA.C3H mating may be accounted for by incidental infection from the male parent. This work forms part of a programme of virus research supported by the British Empire Cancer Campaign.
